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Abstract.  Nuclear lamin isoforms of vertebrates can 
be divided into two major classes. The B-type lamins 
are membrane associated throughout the cell cycle, 
whereas A-type lamins  are recovered from mitotic cell 
homogenates in membrane-free fractions.  A  feature of 
oogenesis in birds and mammals  is the nearly exclu- 
sive presence of B-type lamins in oocyte nuclear enve- 
lopes. In contrast,  oocytes and early cleavage embryos 
of the amphibian Xenopus laevis are believed to con- 
tain a  single lamin isoform, lamin  Lm, which after nu- 
clear envelope breakdown during meiotic maturation  is 
reported to be completely soluble.  Consequently, we 
have reexamined the lamin complement of Xenopus 
oocyte nuclear envelopes, egg extracts, and early em- 
bryos. An mAb (X223) specific for the homologous 
B-type lamins B2 of mouse and Lu of Xenopus somatic 
cells (Hfger, T.,  K.  Zatioukal,  I. Waizenegger,  and G. 
Krohne.  1990.  Chromosoma. 99:379-390)recognized 
a Xenopus oocyte nuclear envelope protein biochemi- 
cally distinct from lamin Lm and very similar or iden- 
tical to somatic cell lamin LH. Oocyte lamin Ln was 
detectable in nuclear envelopes of early cleavage em- 
bryos. Immunoblotting of fractionated egg extracts re- 
vealed that ,~20-23%  of lamin Ln and 5-7%  of lamin 
Lm were membrane associated.  EM immunolocaliza- 
tion demonstrated that membrane-bound larnins  Ln 
and Lm are associated with separate vesicle popula- 
tions.  These findings are relevant to the interpretation 
of nuclear reconstitution experiments using Xenopus 
egg extracts. 
T 
HE quantitatively  major proteins of the nuclear enve- 
lope lamina,  the nuclear lamins,  are members of the 
multigene family of intermediate  filament proteins (11, 
16, 23, 33, 39, 44, 54). It has been suggested that lamins may 
be involved in the regulation  of chromatin  topology (2, 4, 6, 
15,  18, 28, 32) and indirectly involved in DNA replication 
(19, 34, 36), differential  gene expression (31, 32), and nu- 
clear envelope re-formation  after mitosis (6, 47) as well as 
meiosis (10). 
Two major lamin isotypes can be distinguished  according 
to their biochemistry in mitotic and meiotic cells. B-type la- 
mins remain associated with membranes, whereas A-type la- 
mins  depolymerize into  distinct  soluble oligomers not in 
contact with membranes (6, 13, 46; for comparison of amino 
acid sequences see references  16, 23, 39). A- and B-type la- 
mins further differ in their posttranslational  proteolytic pro- 
cessing at the carboxy terminus (3, 50, 51). 
The expression of A- and B-type lamin  isoforms in ver- 
tebrates  is  developmentally regulated  in  a  tissue-specific 
manner (for reviews see references 20, 37). Chicken (29) and 
mouse oocytes (41, 42) appear to contain both A- and B-type 
lamins.  However, A-type lamins  quickly disappeared from 
early embryos of both species, and later became increasingly 
prominent  in  a  developmentally regulated,  tissue-specific 
manner (27, 29, 30, 40, 42). 
In contrast to the situation  in mouse and chicken  oocyte 
nuclear  envelopes,  the amphibian  Xenopus laevis oogenic 
cells, eggs, and early embryos are believed to contain a sin- 
gle lamin isoform, lamin Lm, which, after nuclear envelope 
breakdown during meiotic maturation of eggs, is reported to 
be quantitatively  soluble in a form sedimenting  at 8-9 S (5, 
21, 36).  eDNA sequencing  had identified  two alternatively 
spliced lamin Lm mRNAs differing by 12 amino acids at the 
direct  carboxy  terminus,  neither  of  which  conveniently 
classifies as A- or B-type lamins because they possess amino 
acid sequence similarities  to each (11, 43). It has been pro- 
posed that  lamin  Ln~  proteins  and  transcripts  serve as  a 
maternally derived pool for the formation  of pronuclei and 
early cleavage nuclei  (43, 45). During development,  lamin 
LHI has reportedly been replaced in embryonic nuclei by the 
B-type lamins  L~ and  LH at  the midblastula  and  gastrula 
stages,  respectively.  Later,  lamin  Lm was reexpressed in a 
few types of differentiated  cells of adult tissues (5). A-type 
lamin  expression was  first  detected in the swimming  tad- 
pole (53). 
Based on the generally conserved, developmentally regu- 
lated, and tissue-specific patterns of A- and B-type lamin ex- 
pression across vertebrate species,  it is surprising  that one 
or more B-type lamin  isoforms have not yet been detected 
in Xenopus oocyte or early embryonic nuclei. The increasing 
use of Xenopus egg cell-free systems to analyze the function 
of nuclear proteins  (for reviews  see references  8, 26) has 
prompted us to reexamine the lamin complement of Xenopus 
oocytes, egg extracts,  and early embryos. 
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have demonstrated that oocytes, egg extracts, and early em- 
bryos contain a B-type lamin in addition to lamin Lm. This 
B-type lamin is biochemically similar if not identical to 
lamin LH of somatic cells.  Using ultracentrifugation and 
EM  techniques,  we  have  identified lamin  Lw-associated 
vesicles in meiotic egg extracts. Unexpectedly, a small per- 
centage of lamin Lm was also associated with vesicles in 
egg extracts. Our description of lamin-associated vesicles in 
Xenopus egg extracts may help to resolve contradictory sug- 
gestions regarding lamin function in targeting vesicles to 
chromatin during nuclear envelope reassembly. 
Materials and Methods 
Animals and Embryos 
Adult female and male X.  /aev/s  were obtained from the South  African 
Snake Farm (Fish Hock,  South Africa). Embryos were reared from eggs 
that had been fertilized  in vitro (5). 
Antibodies 
The mAbs Lo46F7 (hereafter referred to as 46F7) and X223 have been de- 
scribed previously (5,  16). The mAbs recognizing lamins Ln  and Lm 
(X155) and lamins A and LI (X67) were produced and characterized as de- 
scribed (16, 17).  The broad-reacting antilamin mAb PKB8 has been de- 
scribed previously (22). The guinea pig antiserum against the nuclear enve- 
lope  pore  complex protein,  gp62,  has been described previously  (7). 
Polycloual  rabbit antibodies against the chicken transmembrane protein 
p54, which localize to the inner nuclear membrane (1) and cross-react with 
the homologous protein of  Xenopus, were kindly provided by Dr. Erich Nigg 
(Swiss  Institute  for  Experimental  Cancer  Research,  Epalinges,  Swit- 
zerland). 
Preparation of  Xenopus Oocyte and Egg Fractions 
Oocyte nuclear envelopes and cytoplasmic supernatants were prepared from 
manually isolated and defolliculated  mature oocytes.  All procedures and 
buffers were at 4"C. Briefly, follicle cells and germinal vesicles were manu- 
ally isolated  from mature oocytes in 5:1 medium (83 mM KCl,  17 mM 
NaCI, 6.5 m_M Na2HPO4, 3.5 mM NaH2PO4) and incubated for 10 rain on 
ice in 5:1 medium/1 M NaCI (salt wash) before concentration by centrifuga- 
tion at 10,000 g for 10 min. For Triton X-100 extraction of nuclear enve- 
lopes, salt-washed oocyte nuclei were incubated in 5:1 medinm/2 % Triton 
X-100 for 10 min on ice, then centrifuged at 5,000 g in a tabletop centrifuge; 
the extraction was repeated, and nuclei were pelleted by centrifugation at 
10,000 g.  The supernatants were combined and the samples analyzed by 
Western blotting of an equal percentage of the Triton pellet and supernatant. 
High-speed centrifugation fractions of meiotic egg extracts were pre- 
pared from unactivated Xenopus eggs. All procedures and buffers were at 
4"C. Briefly, eggs dejellied with 2% L-cysteine (pH 7.8) were washed three 
times with MEB buffer (50 mM KCi, 20 mM/3-glycerophosphate, 2 mM 
MgC12, 1 mM DTI', 1 mM EGTA, 5 ttg/ml cytochlasin B, 1 mM ATP, 10 
tLM GTP3,S, 1 mM PMSF, 10 ttg/ml aprotihin  and leupeptin, 10 mM Hepes, 
pH 7.5) containing 250 mM sucrose.  Approximately 1 ml per Eppeadorf 
tube of packed eggs was crushed by centrifugation for 10 rain at 10,000 g 
in a tabletop centrifuge, then the cloudy cytoplasm was removed and cen- 
trifuged for 20 rain at 10,000 rpm in an ultracentrifuge (model L7-80; Beck- 
man Instruments, Inc., Palo Alto, CA) with an SWS0.1 rotor.  The cleared 
supernatant was then centrifuged at 35,000 rpm (100,000 g, SWS0.1 rotor) 
for 60 rain to generate the Stoo supernatant (Sioo Sup.),  and the pellet, 
which contained a majority of the mitochondria and did not contain detect- 
able amounts of lamins, was discarded.  Membranes were collected from the 
Stoo Sup. by a sixfold dilution with MEB and centrifuged at 200,000 g for 
2 h. The supernatant (S20o Cytosol) was shock frozen  in liquid nitrogen 
and stored at  -70"C.  The membrane-enriched pellet ($2oo Pellet) was 
washed by resuspension in MEB containing 250 mM sucrose,  overlayed 
onto five volumes of MEB/250 mM sucrose, and centrifuged at 20,000 rpm 
for 20 rain in the SW50.1 rotor. Final membrane pellets were resuspended 
in MEB/500 mM sucrose at 1/10 the original volume of S100 Sup. before 
shock freezing  in liquid  nitrogen. To assay  for membranes in the S20o 
Cytosol, an equal volume of a fixation buffer (2.5% ghiteraldehyde,  50 mM 
KCI, 2.5 mM MgC12, 50 mM cacodylate, pH 7.2) was added to the cytosol 
and centrifuged at 10,000 g for 45 rain. The pellet was postfixed with os- 
mium tetroxide and uranyl acetate, then embedded in Epon 812 for thin sec- 
tion EM analysis  as previously  described (14). 
Immunoabsorption of  Membranes from Mitotic 
Egg Fractions 
Membranes were  immunologically  isolated from  freshly prepared  Sl0o 
Sup. using goat anti-mouse antibody-coupled magnetic beads (IO beads; 
Dianova, Hamburg, Germany) to which the primary monoclonal antilamin 
antibodies 46F7 or X223 had been coupled essentially as recommended by 
the  manufacturer.  100  #1  of $1oo Sup.  was  made to  1 ml  with MEB 
buffer/250  mM sucrose for incubation with the antilxxly-coated  magnetic 
beads. All samples were preabsorbed for 30 rain at 4°C with 30 #1 (original 
volume)  goat  anti-mouse antibody-coupled beads.  Immunoabsorptions 
with 5-40 #1 (original volume) primary antibody-coated  beads were carried 
out overnight at 4°C with gentle rocking.  Isolation of the magnetic beads 
was essentially performed as recommended by the manufacturer.  However, 
because of the high viscosity of the samples,  it was necessary to increase 
the recommended times of bead absorption to the magnet. Immunobeads 
were washed with 2 ml MEB/250 mM sucrose three times before freezing 
for biochemical analysis, or immediately processed for embedding and ul- 
trastructural  analysis  by  standard  fixation  and  staining protocols  and 
embedding in Epon 812 (14). 
Immunofluorescence 
For immunofluorescence  microscopy  on frozen sections  through Xenopus 
ovary, immunostaining was performed essentially as described by Krohne 
et al. (22). Primary antibodies were diluted 1:1,000 and visualized with goat 
anti-mouse secondary antibodies conjugated to Texas red (Dianova) diluted 
1:150. For  visualization  of chromatin,  preparations were  stained  with 
HOECHST 33258  (2.5 #g/ml) simultaneously with the second antibody. 
For immunofluorescence  analysis  of early embryos, embryos obtained 
from in vitro fertilized  eggs (5) were dejellied, and then cultured at room 
temperature in 5% MMR (100 mM NaCI,  2 mM KC1, 1 mM MgSO4, 0.1 
mM EDTA, 5 mM Hepes, pH 7.8) for various numbers of cell divisions be- 
fore transfer imo 5% MMR containing 0.4 mg/ml cycloheximide  for 1 h 
to arrest cells in interphase. Staged embryos were squashed between glass 
slides and coverslips and frozen by application to dry ice. Coverslips were 
removed from the slides while frozen and the specimens air dried for 30-60 
rain before extraction with cold acetone for 10 rain. Squashed preparations 
were then analyzed by immunoflnorescence  as described for frozen  sec- 
tions. Photographs were taken with a microscope (Axiophot; Zeiss, Ober- 
kochen, Germany) equipped  with epifluorescence  optics  and appropriate 
filter sets. 
lmmunoelectron  Microscopy 
Nuclear envelopes isolated from mature oocytes were incubated first with 
the mAb X223, then with goat anti-mouse antibodies conjugated to lO-nm 
gold particles (Dianova) essentially as described (5). 
For immunolocalization of lamins in meiotic egg membranes, aliquots 
of the $2oo pellet fraction in MEB buffer were centrifuged at 3,000 g for 
5 rain at 4°C (Minifuge RF; Heraeus; Osterode,  Germany) onto 0.1 t~g/mi 
poly-L-lysine hydrobromide (Sigma Chemical GmbH, Munich, Germany)- 
coated coverslips (10-min incubation and then air dried). After washing to 
remove nonadbercnt materials, the coverslips were incubated with ascites 
fluid of the antibodies 46F7 or X223 diluted 1:200 in MEB (minus DTD, 
or as a control in MEB (minus DTr) alone, for 1 h at room temperature 
in a humidified chamber. After three 5-rain washes with MEB buffer (minus 
DTT)  containing 0.1% BSA, the membranes were incubated with 12-rim 
gold-conjugated  goat anti-mouse antibodies (Dianova) in the wash buffer 
for 60 min. The membranes were washed as indicated above, then fixed and 
embedded as described (14). Ultrathin sections were stained according to 
standard protocols and examined in an electron microscope (EM 10; Zeiss) 
at 80kV. 
Gel Electrophoresis and lmmunoblotting 
One-dimensional  gel  electrophoresis  was  performed  with  8  or  11% 
SDS-PAGE  gels essentially  as described by Laemmli (25). NEPHGE was 
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pH 3.5-10 Ampholines (3%) and pH 5-8 ampholines (2%; Pharamacia, 
Freiburg, Germany) in the first-dimension gel mixture.  11% SDS-PAGE 
gels were used for the separation in the second dimension. Isoelectric point 
standards skeletal ~x-actin (5 tzg), phosphoglucose kinase (5 t~g), and BSA 
(2 #g) were added to samples before first-dimension electrophoresis. 
After one- or t~'~-dimensional  gel separation, proteins were electropho- 
retically transferred to nitrocellulose filters (Schleicber & SchueU, Dassel, 
Germany) using the semidry method (24) in a graphite chamber (Harten- 
stein, Wiirzburg, Germany). Nitrocellulose filters were stained with Pon- 
ceau S to mark the position of protein standards, then blocked overnight 
at 4"C in 5% nonfat dry milk in TBST 1 (140 mM NaCI, 0.3%  Tween,  10 
mM Tris, pH 8.0). Filters were incubated for 1 h at room temperature with 
primary antibodies diluted 1:1,000 in TBST plus 5 % nonfat dry milk (except 
X223, which was diluted in TBST alone). The filters were washed 3 times 
for 10 min in TBST plus 0.1% Triton X-100, then twice for 5 rain in TBST. 
The filters were then incubated for 1 h at room temperature in appropriate 
species-specific  HRP-conjugated secondary antibodies (Jackson Immuno- 
Research Laboratories, Inc., West Grove,  PA) diluted 1:10,000 in TBST 
plus 5% nonfat dry milk. After washing as outlined above, the positions of 
bound antibodies were detected using the enhanced chemiluminescence  sys- 
tem (Amersham Buchler GmBH, Braunschweig,  Germany) by exposure to 
film (X-Omat AR; Eastman Kodak Co., Rochester,  NY). 
Results 
Characterization of Oocyte Nuclear Envelope 
Lamin Lxt 
To determine  whether  nuclear  lamin  isoforms  other than 
Lm are components of Xenopus oocyte nuclear envelopes, 
we tested a number of antilamin  antibodies by immunoblot- 
ring  oocyte nuclear  envelope proteins  separated  by two- 
dimensional  gel electrophoresis (Fig.  1).  The mAb X223 
(Fig.  1 B), previously shown to react with the B-type lamin 
Ln in Xenopus somatic cells (16), recognized a polypeptide 
of a more acidic isoelectric point than lamin Lm as detected 
by the mAb 46F7 (Fig.  1 A).  This is demonstrated in Fig. 
1 C, in which the 46F7 antibody-probed filter shown in Fig. 
1 A was reprobed with the X223  antibody.  These results 
clearly demonstrate that the antigen recognized by the X223 
antibody is biochemically distinct  from lamin  Lm. Results 
essentially identical to Fig.  1 C were obtained when oocyte 
nuclear envelope proteins were probed with the mAb X155, 
which recognizes both lamins L~ and Lm (Fig.  1 D). In par- 
aUel  experiments  with  lamin  L-specific polyclonal anti- 
bodies and antilamin A-specific mAbs, we have been unable 
to detect these Xenopus lamin isoforms in isolated oocyte nu- 
clear envelopes (data not shown). 
We compared the oocyte nuclear envelope protein recog- 
nized by the antibody X223 with lamin Lit of ovarian folli- 
cle cells (Fig.  1 E) and noted that the X223-reactive protein 
of oocyte nuclear envelopes  and lamin Lu of somatic cells 
are biochemically similar,  if not identical. 
The X223 antigen of oocyte nuclear envelopes has the bio- 
chemical characteristics  typical of nuclear lamin  proteins, 
including  resistance to extraction with buffers  containing 
high concentrations of monovalent salt (i.e., samples in Fig. 
1) and nonionic  detergents  (2%  Triton X-100). 
To exclude the possibility that the X223 antigen in oocyte 
nuclear  envelopes was a  modified form of lamin  Lra not 
recognized by the mAb 46F7, we performed in vitro transla- 
1. Abbreviations  used in this paper:  Sup., Supernatant; TBST, Tris-buffered 
saline/0.3 % Tween. 
tion  of oocyte RNA and immunoprecipitated the products 
with mAbs 46F7 and X223. The primary translation  prod- 
ucts recognized by these mAbs exhibited different mobilities 
in gel analysis,  indicating  that the antigens of the 46F7 and 
X223  antibodies  are  located  on  separate proteins.  From 
these results  we have concluded that the protein present in 
nuclear envelopes  of Xenopus oocytes is a  lamin  isoform 
identical  with lamin  Lu of somatic  cells, or a very closely 
related  larnin isotype. 
Assuming equal binding affinities of the antibody X155 for 
lamins  Ln and Lm, the quantitation  of the relative amounts 
of lamin Ln to lamin Lm by immunoblotting  of polypeptides 
separated by two-dimensional  (Fig.  1, D  and C) and one- 
dimensional  gel electrophoresis (see Fig. 6 C, lane 1 ) indi- 
cates that lamin Ln protein is "o5-10% the amount of lamin 
Lm protein observed in oocyte nuclear envelopes. 
We confirmed our biochemical localization  of lamin  L~ 
in oocyte nuclear envelopes by immunofluorescence  micros- 
copy on cryosectioned ovarian tissue with mAbs 46F7 and 
X223  (Fig.  2).  As  expected,  the  antilamin  Lm antibody 
46F7 (Fig. 2 A) stained nuclear envelopes of oocytes, but not 
follicle cell nuclei.  In contrast,  the antilamin  LH antibody 
X223 exhibited strong staining of both oocyte nuclear enve- 
lopes and nuclei of surrounding  follicle cells (Fig.  2 B). 
These  results  excluded  the  possibility that  lamin  LH ob- 
served in the biochemical analysis  of oocyte nuclear enve- 
lopes was due to follicle cell contamination  of oocyte nuclei 
preparations. 
EM immunolocalization  of the X223 antigen on isolated 
oocyte nuclear envelopes  (Fig.  3) clearly demonstrated its 
exclusive localization  on the nucleoplasmic side of the nu- 
clear envelope and an absence from pore complexes.  These 
are characteristic  features of nuclear lamin proteins. 
Lamin Lu Is Present in Nuclei of  Early Embryos 
To determine if lamin Lu observed in oocyte nuclear enve- 
lopes and unfertilized  egg extracts  is used in the formation 
of daughter nuclei during early embryonic development, we 
performed  in  vitro  fertilization  and  immunofluorescence 
analysis of squashed preparations of early embryos (Fig. 4). 
Our results  demonstrate that  lamins  Lm (Fig.  4 A) and Lt~ 
(Fig. 4 B) are clearly visible in nuclei of 2-cell and later divi- 
sion  embryos up  to  at  least  the  64-cei1  stage  (data  not 
shown).  These results indicate that oocyte lamin Ln persists 
through meiotic egg maturation and is used in the formation 
of early embryonic nuclei. 
Identification of  Membrane-bound Lamins in Meiotic 
Egg Extracts 
To verify that  the Xenopus B-type lamin  Ln is associated 
with membrane  vesicles in meiotic eggs,  we fractionated 
cytoplasm derived from meiotic eggs by high-speed centrifu- 
gation. All subfractions had been controlled for the presence 
of lamins by immunoblotting,  and a 100,000-g supernatant 
($1oo Sup. ; see Fig.  5 A and lane 1 in Fig.  6,  C and D) ap- 
peared to contain essentially  all lamins L~ and Lm of unfer- 
tilized  eggs.  The S~o0 Sup.  contained soluble proteins and 
vesicles  of  various  sizes  and  morphologies  (Fig.  5  A), 
whereas rnitochondria  were relatively  rare.  The S,0o Sup. 
was further subfractionated  by centrifugation  at 200,000 g 
into a  membrane-enriched  pellet (Szoo Pellet) and a  cyto- 
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tions revealed that the S~0o Cytosol appeared virtually free 
of vesicles (Fig. 5 B). The granular irregularly shaped mate- 
rial seen in the $20o Cytosol represents soluble proteins that 
had been cross-linked during gluteraldehyde fixation, result- 
ing in the formation of large insoluble protein aggregates. In 
contrast, the $2oo Pellet (Fig. 5  C), like the S~oo Sup., con- 
tained vesicles of various sizes and morphologies, some of 
which appeared to be coated with protein aggregates resem- 
bling ribosomes. 
As  further controls  for  the  separation  of soluble from 
membrane-associated proteins in the $20o Cytosol and S~ 
Pellet egg-extract fractions, we immunoblotted these frac- 
tions  with  antibodies  directed  against  nonlamin  nuclear 
envelope proteins. The immunoblots of the starting material 
used for the generation of the $2oo Cytosol and pellet frac- 
tions, the S~oo  Sup., are shown in lane I of Fig. 6, A-D.  The 
nuclear pore complex protein gp62,  which has previously 
been demonstrated to be soluble in meiotic extracts of Xeno- 
pus  eggs  (9),  was present exclusively in the $2oo Cytosol 
(Fig. 6 A, lanes 2-5), but not detectable in the $2oo Pellet, 
even when 10 times the quantity of $2oo Pellet (Fig.  6 A, 
lane 6) relative to S~ Cytosol (Fig. 6 A, lane 2) was used 
for gel separation. In contrast, the transmembrane nuclear 
envelope protein p54, which has been localized to the inner 
nuclear membrane of chicken cells (1), was detected exclu- 
sively in the $20o Pellet (Fig.  6 B, lanes 6--8).  The mem- 
braneous  nature  of  the  material  in  the  $20o Pellet  was 
confirmed by extraction with nonionic detergent (2 % Triton 
X-100), which solubilized essentially all proteins in the frac- 
tion including lamins Ln and Lm (data not shown). Taken 
together with the EM analysis shown in Fig. 5, our data dem- 
onstrate that fractionation by centrifugation at 200,000  g 
results in the clear separation of soluble from membrane- 
associated  proteins  into  the  $2oo Cytosol and  $20o Pellet 
fractions, respectively. 
These fractions were subsequently used for the quantita- 
tion of soluble to membrane-associated lamins by immuno- 
blot analysis with mAbs X155 (Fig. 6 C), which recognizes 
lamins L. and Lm, and 46F7 (Fig. 6 D), which is specific 
for  lamin  Lm.  In  contrast  to  the  situation  in  interphase 
cells,  lamins Lu and Lnl in meiotic cells exhibit different 
mobilities in one-dimensional gel electrophoresis.  Conse- 
quently, we have been able to analyze both lamins simultane- 
ously with the antibody X155 (Fig. 6 C). To enable the rela- 
Figure I.  Identification of Xenopus lamin Ln in oocyte nuclear 
envelopes. Nuclear envelopes from 50 oocytes (A-D), or follicle 
ceils derived from 25 oocytes (E) were salt washed and proteins 
electrophoretically  separated by two-dimensional  gel electrophore- 
sis (first dimension, NEPHGE; second dimension, SDS-PAGE). 
Proteins were transferred to nitrocellulose filters and stained with 
Ponceau S  to determine the  position of the  coelectrophoresed 
marker proteins actin, BSA, and PGK. The filters were probed with 
the antilamin Lm antibody 46F7 (A), the antilamin LII antibody 
X223 (B and E), or the antilamin Ln/Lm antibody X155 (D). The 
filter shown in A was reprobed with the antilamin LII antibody 
X223 (C). Arrowheads  (A-C and F) mark the position of the quan- 
titatively major isoelectric variant of oocyte lamin Ln. Brackets 
(D), indicate the isoelectric variants of L~ and Lm recognized by 
the antibody X155. 
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with antilamin Lm antibody 46F7 (A) or antilamin Lu antibody X223 (B). Chromatin staining (A~ B') by HOECHST. Bar, 50 #m. 
tive quantitation of lamins present in both fractions, serial 
dilutions of $2~ Cytosol (1.0-0.125  U; lanes 2-5) and $20o 
Pellet (10.0-2.5  U; lanes 6-8)  were used for immunoblot 
analysis. One unit equals the amount of material derived 
from 2.4/~1 of Stoo Sup.  (Fig. 6, A-D, lane 1 ). 
Immunoblotting of gel-electrophoretically separated poly- 
peptides of both fractions with the antibody X155 (Fig. 6 C) 
demonstrated that lamins Ln and Lm were present in the 
membrane-free S~00 Cytosol (lanes 2-5),  as well as in the 
S:0o Pellet (lanes 6-8).  Identical results for lamin Lat were 
obtained with the antilamin Lm antibody 46F7 (Fig. 6 D). 
Quantitation of multiple sets of x-ray film blotting signals in- 
dicated that 20-23%  of lamin Ln and 5-7%  of lamin Lm 
were present in a membrane-associated form (Fig. 6, C and 
D, $2oo Pellet, lanes 6-8), whereas 77-80% of lamin La and 
93-95%  of lamin Lm were  reproducibly observed  in the 
$20o Cytosol fraction (lanes 2-5). 
Characterization of  Lamin-associated Vesicles 
For the detailed characterization of lamin-associated vesi- 
cles in meiotic egg extracts, soluble and vesicle-associated 
lamins in the S~oo Sup.  were immunoabsorbed to magnetic 
beads coated with the antilamin Ln antibody X223,  the an- 
tilamin  Lm  antibody  46F7,  or  as  a  control,  with  goat 
anti-mouse antibodies (Fig. 7).  EM analysis revealed that 
control magnetic beads (Fig. 7 A) were of various diameters 
and possessed an electron-dense outer surface, which was 
generally free of absorbed membrane material. In contrast, 
the antilamin Ln-coated beads (Fig.  7 B) were associated 
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clear lamina.  Isolated  oocyte nuclear  envelopes were  incubated 
with antilamin LI~ antibody X223 followed by secondary antibod- 
ies conjugated to 10-nm colloidal gold. Gold particles are observed 
exclusively on the nucleoplasmic (N) side of the envelope. Nuclear 
pore complexes are marked by arrowheads.  C, cytoplasmic  side. 
Bar, 0.2 tzm. 
with membranes that appeared to be, within limits, rather 
heterogenous in size and morphology, ranging between 90 
and 300 nm in diameter. On their outer surfaces, these vesi- 
cles were free of particulate material resembling ribosomes. 
Internally,  these  vesicles were  not  uniformly  stained,  al- 
though  some  internal  structures  and  fibrous  material  ap- 
peared to be present. 
To  our  surprise  the  antilamin  L~  antibody  beads  in- 
cubated  in  $100 Sup.  (Fig.  7,  C  and D)  were coated with 
vesicles highly homogenous in size and morphology, with di- 
ameters between 40  and  80  nm.  These vesicles appeared 
specifically on  the  antilamin  Lm beads  and  were not  ob- 
served on the  control- (Fig.  7  A) or antilamin LH (Fig.  7 
B)-coated magnetic beads. In addition,  a  small number of 
vesicles similar in size to the antilamin Ln-absorbed vesi- 
cles were visible on the antilamin Lm-coated beads. Higher 
magnification images of the 40-80-nm vesicles (Fig. 7 D) re- 
vealed  that  these  vesicles  were  similar to  the  lamin  Ln- 
Figure 4.  Immunolocalization  of lamins in two-cell-stage embryos by indirect immunofluorescence microscopy. Squashed preparations 
of in vitro fertilized embryos halted in interphase at the two-cell stage by cycloheximide were incubated with antilamin Lm antibody 46F7 
(A) or antilamin  LI~ antibody  X223  (B),  followed by Texas red-conjugated  secondary  antibodies.  Chromatin  staining  (.4' and B') by 
HOECHST.  Bar, 50/~m. 
The Journal of Cell Biology, Volume 123, 1993  506 Figure 6.  Distribution of nuclear envelope proteins in egg extract 
fractionated  by ultracentrifugation.  Proteins  from the  $1o0 Sup. 
(lane 1 ), serial dilutions of $2oo Cytosol (lanes 2-5), and $20o Pel- 
let (lanes 6-8) were separated by 11% SDS-PAGE. Proteins were 
transferred to nitrocellulose filters  then probed with anti-gp62 an- 
tiserum  (A),  anti-p54  antiserum  (B),  antilamin  L./L,I antibody 
X155  (C),  and antilamin Lm antibody 46F7  (D).  Units refers to 
the relative amount of St0o Sup.  (1.0 U equals 2.4 #1 of Si0o Sup., 
lane 1) contained in the $20o Cytosol (lanes 2-5) and $20o Pellet 
(lanes 6-8) aliquots used for gel separation. 
Figure 5. EM analysis of  egg extract fractionated by ultracentrifuga- 
tion.  Representative examples of materials found in the S~oo Sup. 
(A), $2oo Cytosol (B), and $2oo Pellet (C) are shown. Bar, 0.2 #m. 
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analysis  of lamins  absorbed 
to  antibody-coated magnetic 
beads.  An  aliquot  of  S~0o 
Sup.- (lane 1 ) and proteins ab- 
sorbed to control (lane 2)-, an- 
tilamin  Lm  antibody  46F7 
(lane  3)-,  and  antilamin  Ln 
antibody  X223  (lane  4)- 
coated  magnetic beads  were 
solubilized, separated by 8 % 
SDS-PAGE, then transferred 
to  nitrocellulose  filters  for 
probing  with  the  antilamin 
LII/Lm antibody  X155. Ar- 
rowheads indicate the migra- 
tion position of the antibody 
heavy chains (HC) and lamins 
Lm and Ln are noted on the 
right of the panel. 
coated beads (Fig.  7 B) in that no particulate material re- 
sembling  ribosomes  appeared associated  with their outer 
surfaces, although we could not detect any distinct stainable 
materials internally. We obtained similar results with anti- 
body-coated magnetic beads incubated in the S~ Pellet frac- 
tion (data not shown),  although a considerable amount of 
membranes appeared to be nonspecifically absorbed, possi- 
bly because of agglutination of membranes by centrifugation 
pelletting. 
To biochemically characterize materials absorbed to the 
antibody-coated magnetic  beads,  proteins  of the  samples 
shown in Fig. 7, A-D, were separated by gel electrophoresis 
and  analyzed by blotting with  the  antilamin  Ln/LnI mAb 
X155  (Fig.  8).  Lamin proteins were absent from control 
beads (Fig. 8, lane 2). The antilamin Lm-coated beads con- 
tained  large  amounts  of lamin  Lin  and  a  lesser,  though 
significant amount of lamin Ln (Fig.  8, lane 3).  The pres- 
ence of lamin Ll~ in this sample is consistent with the EM 
data (see Fig. 7 C), in which some membranes absorbed to 
antilamin Lm-coated beads were similar in size and mor- 
phology to vesicles absorbed to antilamin LH-coated beads. 
Proteins  absorbed  to  the  antilamin  Ll~-coated beads  in- 
cluded lamin LH (Fig. 8, lane 4) and did not contain detect- 
able amounts of lamin Lnl. In addition, we noted a protein 
band recognized by the antibody X155  in the antilamin Ell 
bead sample (Fig.  8, lane 4),  which had a lower mobility 
than lamin Ln in one-dimensional gel analysis. This band is 
Figure 7. Immunoabsorption of vesicles to magnetic beads coated 
with antilamin antibodies. EM analysis of vesicles from S~0o Sup. 
immunoabsorbed  to  magnetic  beads  coated  with  control  goat 
anti-mouse antibody (A), antilamin L~I antibody X223 (B), or an- 
tilamin Lm antibody 46F7 (C; D, higher magnification image of 
46F7-absorbed vesicles). Bars, 0.2 #m (A-C);  0.1 #m (D). 
The Journal of Cell Biology,  Volume 123, 1993  508 Figure 9. EM immunolocalization of lamins Ln and Lm on membranes present in the $200 Pellet. Membranes were immobilized onto glass 
coverslips and incubated with the antibodies X223 (A-E) or 46F7 (F-L). Bound antibodies were visualized with secondary antibodies con- 
jugated to 12-nm colloidal gold. Overviews A (X223) and F (46F7) are shown at identical magnifications. Arrows in the overviews (A 
and F) designate vesicles labeled with gold particles. Higher magnification images of antibody X223-1abeled vesicles (B-E) and 46FT- 
labeled vesicles (G-L) are also presented. Bars, 0.2 #m (A and F); 0.1 #m (B-E and G--L). 
only faintly visible in  the  nonabsorbed $100 Sup.  (Fig.  8, 
lane 1), suggesting a specific enrichment of this protein with 
the antilamin Ln magnetic beads. The identity of this band 
is presently unknown. 
In parallel to the immunoabsorption experiments, we per- 
formed immunogold localization on immobilized $20o Pellet 
membranes  with  the  antibodies  X223  (Fig.  9,  A-E)  and 
46F7 (Fig. 9, F-L). Results obtained with this method were 
consistent with the immunoabsorption data (compare Figs. 
7  and  9).  Lamin  La appeared  associated  with  a  specific 
subset of membranes (Fig. 9, A-E, see arrows in A). X223- 
labeled vesicles appeared to be heterogenous in  size and 
morphology, ranging from 90 to 300 nm in diameter, and 
were generally free of particulate material resembling ribo- 
somes on their outer surfaces (Fig. 9, A-E). The number of 
gold particles per labeled membrane ranged from one to 
five, with larger numbers of  particles occasionally observed. 
Interestingly, the gold parhcles were not evenly dispersed on 
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in a small area of the outer surface. We do not know if this 
nonrandom surface distribution reflects a native clustering of 
lamin Ln on membranes,  or alternatively, is due to anti- 
body-lamin Ln cross-linking. 
hnmunolocalizations on  membranes  of the  $20o Pellet 
performed with the antilamin Lm antibody 46F7 revealed a 
specific,  although sparse,  gold particle labeling of mem- 
branes (Fig. 9 F). Labeled membranes contained one to two 
gold particles per vesicle and ranged in diameter from 40 to 
80 nm, with no labeling of larger vesicles observed (Fig. 9, 
F-L), We have been unable to discern any internal structure 
within these vesicles; the outer surface appeared free of par- 
ticulate  material  resembling  ribosomes,  although  amor- 
phous material was occasionally associated (see Figs. 7 D 
and 9, F-L). 
Discussion 
We have unequivocally demonstrated that,  in addition to 
lamin Lm, the Xenopus B-type lamin Ln is present in oocyte 
nuclear envelopes. A portion of this is associated with mem- 
brane vesicles of meiotic eggs and is used for the formation 
of nuclei in early embryos. In addition, we have identified 
two separate populations of meiotic egg vesicles associated 
with lamins Lit and Lm, respectively. Our results indicate 
that the lamin composition of  the amphibian oocyte and early 
embryo resembles the situation in birds and mammals and 
is more complex than previously suggested. 
Why Had Previous  Analysis of  Xenopus Oocytes and 
Early Embryos Not Detected Lamin Ln? 
We can only suggest possible factors involved in previous 
failures to detect lamin LH in oocytes and early embryos. 
Immunofluorescence detection of lamin Ln may have been 
hindered by protein interactions resulting in the masking of 
epitopes on lamin Ln. Furthermore, the minor quantity of 
lamin L~ present in oocytes relative to lamin Lm, and their 
similar biochemical properties, may have made detection of 
lamin L~ difficult with the use  of antibodies with a  low 
affinity for lamin Ln. With this in mind, we have probed 
oocyte nuclear envelopes with antibody PKB8, which was 
previously used to screen for somatic cell lamin isoforms in 
oocytes (22).  In immunofluorescence experiments, the anti- 
body PKB8 does not stain the nuclear envelope of oocytes; 
in  immunoblot experiments,  only  a  very  faint lamin  Ln 
band was detected, even with use of the highly sensitive en- 
hanced chemiluminescence antibody detection system. We 
suggest that the affinity of antibody PKB8 to lamin Lu is 
lOW and/or its lamin Ln epitope is not accessible in oocyte 
nuclear envelopes. 
An alternative explanation is that the lamin Ln isoform 
recognized by the antibody X223 is an isovariant not recog- 
nized by other lamin Ln antibodies. Reports of alternatively 
spliced lamin mRNAs generating different isoforms in vari- 
ous species (11, 12) would support this explanation. How- 
ever, we have used two separate antilamin Lu mAbs, X223 
and X155, which recognized lamin Lu of oocyte nuclear 
envelopes and somatic cells,  indicating that lamin LH of 
both cell types contains common epitopes. 
Our ability to detect lamin Ln in these samples may be 
attributed  to  newly  available  antilamin  Ln  antibodies, 
which  recognize lamin Ln with high affinity at  epitopes 
uninhibited by molecular interactions, as well as use of the 
highly sensitive enhanced chemiluminescence antibody de- 
tection system. 
Lamin Associations with Meiotic Egg Vesicles 
We and others have previously reported that lamin Lm ap- 
peared completely soluble in egg extracts (5,  21,  36, 49). 
However, in our most recent experiments, when the distribu- 
tion of lamin Lm of unfertilized eggs was investigated by 
centrifugation and immunoblotting, we observed that 5-7 % 
of the total egg lamin Lm was recovered in the $20o Pellet. 
Moreover, when we had diluted the $100 Sup.  sixfold with 
MEB buffer containing 250 mM sucrose and centrifuged the 
sample at 100,000 g, the lamin Ln-associated vesicles were 
pelleted,  but  not lamin Lm-associated vesicles  (Lourim, 
D., and G. Krohne, unpublished results). Our data clearly 
indicate that the 40-80-nm vesicles associated with lamin 
Lm are pelletable only by high speed centrifugation in low 
viscosity solutions, suggesting a possible explanation why 
larnin Lm-associated vesicles had not previously been de- 
tected.  Furthermore,  our  ability  to  separate  the  lamin 
Ln-associated membranes from Lm-associated membranes 
supports the suggestion that lamins Ln and Lm are bound to 
separate vesicle populations. 
We  have  reproducibly  detected  lamin  Ln  absorbed  to 
beads coated with the antilamin Lm antibody 46F7 (Fig. 8, 
lane 6). We can dismiss the possibility that this result was 
caused by  cross-reactivity of the  antilamin Lm antibody 
46F7 with lamin La, for, when immunoprecipitations with 
this antibody were performed in the presence of nonionic de- 
tergents, lamin Lm was exclusively absorbed to antilamin 
Lm immunobeads. Furthermore,  this coabsorption cannot 
be explained by the suggestion of  a population of vesicles that 
possess both lamins Ln and Lm, because we have not de- 
tected  significant amounts  of lamin Lm absorbed  to  the 
lamin La-specific antibody X223-coated beads  (compare 
Fig. 8, lanes 6 and 7). In addition, vesicle fusion was in- 
hibited under our experimental conditions by the inclusion 
of the membrane fusion inhibitor GTP3,S, the phosphatase 
inhibitor/$-glycerophosphate, and ATP to maintain protein 
phosphorylation. Further experiments are required to clarify 
this result. 
The Relationship of  Lamin-associated Vesicles  to the 
Nuclear Envelope-Precursor  Membranes As Described 
by Others 
The Xenopus meiotic egg vesicles associated with lamin Ln 
we have described here are, on average, between 90 and 300 
nm in diameter. These vesicles appear to be similar in size 
and heterogeneity to the lamin B-associated vesicles im- 
munoabsorbed from mitotic CHO cell-free extracts (100- 
300 nm diam, as measured from micrographs presented in 
reference 6), but are clearly different in size and morphology 
from two previously described membrane populations (500- 
700 nm diana) of Xenopus egg extracts containing nuclear 
envelope-forming activities (48, 49). It is unlikely that these 
differences in Xenopus meiotic egg vesicle sizes are due to 
fusion of our membranes during preparation, because we 
have included membrane fusion and phosphatase inhibitors 
in all isolation and wash buffers (see above and Materials and 
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due to physiological differences between extracts of  activated 
(35, 48) and nonactivated (our results) eggs. 
Interestingly, the 70-80-nm vesicles of Xenopus egg ex- 
tracts that exhibit chromatin-binding activity as described by 
Newport and Dunphy (35) appear to be similar in size and 
morphology  to vesicles we have observed bound to antilamin 
Lm immunobeads  (Fig. 7,  C and D).  However, our mem- 
brane preparations  contained a large number of vesicles in 
the size range of  40--80 nm, with a very small subset of  these 
vesicles being labeled by the antilamin Lm antibody (Fig. 9, 
F-L). Whether or not the chromatin-binding vesicles previ- 
ously described  (35, 52) contain iamin isoforms has yet to 
be determined. Moreover, as the ability of lamin Lm to bind 
chromatin has not been established, the proteins responsible 
for vesicle-chromatin  interaction need to be determined. 
The Potential Role of  B-I)~Te Lamin-associated 
Membranes in Nuclear Envelope Re-formation After 
Meiosis and Mitosis 
In nuclear reconstitution  experiments,  Newport et al.  (36) 
observed that nuclear envelopes formed around demembra- 
hated Xenopus sperm from Xenopus extracts that had been 
depleted  of lamin Lm with the antibody  46F7  (from  our 
laboratory)  and  concluded  that  there  must  be  a  lamin- 
independent pathway involved in the initial phases of  nuclear 
envelope  assembly.  However, for  these  experiments,  a 
membrane-free  fraction  of  egg  extracts  had  been  im- 
munodepleted. In contrast, using complete Xenopus egg ex- 
tracts  immunodepleted  with  the  antilamin  Lm  antibody 
$49H2  (from our laboratory), Dabauvalle  et al.  (10) re- 
ported an inhibition of nuclear envelope formation around 
bacteriophage DNA, but no inhibition in the formation of  cy- 
toplasmic annulate lamellac. The resolution of the apparent 
contradiction between the results of Dabauvalle et al. (10), 
and Newport  et al.  (36) may lie in the observations noted 
above, and in our recent determination  that the antibody 
$49H2 recognizes lamin Ln as well as lamin Lm (Lourim, 
D.,  and  G.  Krohne,  unpublished  observations).  Conse- 
quently, regarding the experiments of Dabauvalle et al. (10), 
we suggest that incubation of  whole-egg extracts with $49H2 
had inhibited or depleted the chromatin-binding activity of 
lamins  Ln and Lut. Taken together,  these  results  indicate 
that membrane-associated lamins may be involved in the tar- 
geting of nuclear envelope precursor  vesicles to chromatin 
substrates  after mitosis  and  meiosis.  Moreover,  nuclear 
reconstitution experiments performed with cell-free extracts 
of mammalian tissue culture cells (6) and Drosophila em- 
bryos (47) have shown that lamins are involved in nuclear 
envelope re-formation after mitosis in these systems. 
Our results for Xenopus eggs suggest that lamin associa- 
tions  with  vesicles  of meiotic  eggs  may differ  in  some 
respects from the situation in mitotic somatic cells. There 
are no indications of a population of nonmemhrane-associ- 
ated B-type  lamins  in mitotic somatic  cells  (6,  13,  46), 
whereas in egg extracts of Xenopus (our results), a majority 
(7%80% of lamin Ln) of B-type lamin appears not to be as- 
sociated with vesicles (compare Fig. 5 D, lanes 3-5, and Fig. 
7, B and F). These results suggest the existence of a mecha- 
nism that limits  association  of B-type lamins,  including 
lamin L~n, with membranes  of meiotic cells. 
Our description of a B-type lamin in oocyte nuclear enve- 
lopes and of  membrane-associated larrdns in meiotic egg ex- 
tracts will help to determine the role of lamins in nuclear 
envelope  re-formation.  We  are  currently  analyzing  the 
potential of vesicle-associated lamins to target membranes 
to the surface of chromatin,  as well as characterizing  the 
abundance  and  protein  composition  of lamin-associated 
vesicles. 
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